to the Mediterranean basin. The Italian climate is becoming warmer and drier due to a reduction in 35 the number of wet days, while precipitation intensity displays a positive trend (Brunetti et al. 2004) . 36
Among the effects of climatic variability, the modifications of both geomorphic processes and 37 natural hazards, such as those due to landslides, can be included. Many climatic factors are actually 38 considered landslide triggering factors. Rainfall is considered the most common cause of landslides 39 (Crozier 1997 ) and the most widely used climatic variables are rainfall and temperature (Polemio & 40 Petrucci 2000; Schmidt & Dikau 2004) . 41 The analysis of landslide occurrence due to climatic factors can be carried out using two 42 approaches: 1) spatial analysis and 2) temporal analysis (Polemio & Petrucci 2000) . The former can 43 be applied to areas that are widely prone to landsliding, and the latter can be applied to single sites 44 or small areas. In the first case, the area should be homogeneous, while in the second, the studied 45 phenomena should be stationary (Cascini & Versace 1986; Crozier 1986 ). These conditions define 46 crucial problems in many study cases, as the factors that influence the slope stability often change 47
At the end of this step, all of the gathered documents are converted into text files to be entered into 151 the database. 152
153
Data validation. One factor to take into account is the reliability of documents from which data 154 have been collected. In general, the reliability is affected by bias mainly when the document is a 155 refund request and/or the author is not an expert on landslides. The reliability classification of 156 documents presented in this work is usually general, but can be easily adapted to local peculiarities. 157
In this classification, reliability can be defined using sub-ranges, 0 to 1, 1 to 2, 2 to 3, and 3 to 4, 158 according to the type of document and the skill of the author. The highest reliability sub-range, 3 to 159 4, is used to characterise either scientific publications or governmental texts on the arrangement of 160 both first aid measures and long-term support for people living in affected areas (i.e., daily 161 allowance and temporary tax cuts for evacuated people). Scientific articles represent a very low 162 percentage of data sources, because they generally concern single landslide phenomena or 163 phenomena affecting selected territorial sectors, and they very often do not report the series of 164 landslide/s activations but rather the conditions at the moment when the article was written. 165 Reliability 2 to 3 is the sub-range for reports by technicians of departments in charge of damage 166 repair and refunding. In general, these technicians are engineers who assess the on-site type and/or 167 cost of remedial measures. Because they are trained and do not have any personal interest in the 168 distribution of refunds, their reports can be considered fairly reliable. 169 Reliability 1 to 2 is the sub-range typically used for reports of local technicians, as is the case for 170 refund request reports written by local authorities or damaged owners. This low reliability takes into 171 account the fact that the appraisal of damage can be stressed to increase the attention of the 172 governmental agency or insurance companies. 173
Reliability 0 to 1 classifies data obtained from historical books and newspapers. In these cases, both 174 the skill and individual experience of the document's author must to be taken into account. Both 175 reporters and historians are not expert in landslides, so they tend to emphasise the damage.
However, as previously mentioned, newspaper articles are characterised by a continuity in time that 177 makes them a good source to avoid gaps in the data series. 178
During the data validation step, the gaps must be taken into account that could affect the oldest 179 periods of the series, characterised by a minor number of information sources and, more generally, 180 by a minor facility in the diffusion of information, also concerning landslides. This problem does 181 not exist for the most recent parts of the series, also characterised by a greater understanding and 182 concern about environmental problems. For these reasons, it must to be taken into account that an 183 underestimation of the number of landslides can affect the oldest periods, and an overestimation can 184 occur for the most recent years. 185
In the data validation phase, the database must be carefully checked in order to avoid data 186 duplications. Especially main landslide phenomena can be quoted by several data sources. Each text file should be transformed into a database record for which the date of the landslide event, 211 the municipality in which it occurred, and the details about triggered phenomenon are described. 212
In general, the name of the municipality where damage occurred is quoted in almost all the data, but 213 place names of areas hit are often not pinpointed. Even if a place name is available, the area really 214
affected cannot be delimited, because the author of the document does not supply precise 215 information on the perimeter of the area hit by the phenomenon (unless the document is a scientific 216 article). 217
Therefore, the basic cell in which the study area can be discretised is generally the municipality 218 boundary. To be strict, the data allow to identify the occurrence/non-occurrence of a landslide only 219 in a municipal cell. Taking into account the temporary effects of some kinds of phenomena, only 220 detailed surveys carried out immediately after the event can supply a reliable delimitation of hit 221 areas. A municipal cell is also proposed because it can be almost congruent with the Thiessen 222 polygons defined on the basis of gauges of the climatic monitoring network. 223
The organisation of such a database can have several kinds of uses in the study of landslide 224 processes. Moreover, for the present work, an index must be assessed. After characterising the 225 entire dataset, in order to characterise the seasonal recurrence and the spatial pattern of landslide 226 data the monthly landslide number ML must be evaluated, as the total number of landslide 227 occurrences in each month. 228
229
The climate database: data, elaborations and cross-analysis with the landslide database 230
The assessment of the effects of climate variability on the trend of landslide occurrence should be 231 based on time series of monthly rainfall, number of wet days and temperature data. These data are 232 freely available worldwide, with differences in length, density and accuracy. 233
Time series should be tested for homogeneity using the Craddock test or other procedures 234 (Craddock 1979) , and inhomogeneous data should be discarded. The time series or gauge location 235 and number should be selected to obtain the maximum or, at least, a sufficient gauge density and 236 spatial continuity, mainly of rainfall and secondly of temperature, covering the largest monitoring 237 period with the lowest number of data gaps. where n is the number of cells into which the study area or region is divided. The total AML i (x), 278 for i=1, 2, …, n, defined for each month, defines the landslide regime. 279
The range and variability interpretation of IL m (x,y) should be similar to those of IP m (x,y), and the 280 range should be much wider due to the effect of peak values of each time series. 281
The five groups of indices (IL, IP, IT, ID, and II) permit a comparison of time landslide variability 282 to climate variability, considering durations from one month to a whole hydrological year. 283
As these constitute time series, trend analysis and cross-correlation analysis should be the basic 284 methods for the time series analysis (Brockwell & Davis 1987) . November is the month characterised by the highest number of data (21%), followed by January 344 (14%) and February (14%) (Figure 3 ). More generally, 67% of data are recorded between 345 November and February. July is characterised by the lowest value (21 cases, 0.7%). 346 The climate in Calabria is typically Mediterranean, characterised by hot and dry summers and long 374 wet periods in the autumn and winter, sometimes lasting until the early spring (Figure 3) . The mean 375 annual precipitation ranges from 503 to 1778 mm (1172 mm as the regional spatial mean). The 376 spatial variability is mainly due to the altitude effect (Figures 1 and 4) and secondly to the distance 377 from the western coast (at same altitude the precipitation is higher on the regional western side), asthe main perturbations generally move from west to east (Petrucci & Polemio 2009 ). The annual 379 mean for D ranges from 54 to 118 mm (93 as regional mean), for I ranges from 7.3 to 13.8 mm/day 380 (11.1 mm/day as regional mean), and for T ranges from 8.9 to 18.7 °C (16.0°C as regional mean). 381
The spatial variability of these variables is mainly correlated to the altitude. 382
The P regime in the region is almost homogeneous. Rainfall starts to increase from September up to 383 the monthly maximum of December and then decreases; minimum rainfall is recorded in July 384 (Figure 3) . Similar trends are observed for D and I, for which the maximum is observed in 385
November. On the other hand, T decreases from September to the minimum of January, and then 386 increases up to the August peak. 387
The yearly index ranges of P, D, and I are similar ( Table 1 ), while that of T is narrower. The range 388 of IL is an order of magnitude wider, due to the frequent occurrence of both one-landslide years and 389 years with hundreds of landslides. For the sake of brevity, some statistical values of these time series are summarised in Table 2, for m  408 equal to 1 and 3; further details are highlighted in the paragraph of cross-analysis and discussion. 409
The complete understanding of landslide number trend should be pursued considering the 410 anthropogenic role. The attention should be focused on the increase of population number and 411 needs, deforestation, tillage, increasing cultivation and careless urban enlargement into natural 412 hazard prone areas, as observed for some areas of Calabria and southern Italy (Petrucci & Polemio 413 2007; Polemio in press). 414
Cross-analysis and discussion 415
The regime of the analysed variables shows a good correlation between the monthly landslide 416 number and the selected variables ( Figure 3) . P, D and I reach peaks between December and 417 January, like L. In statistical terms, it is useful to determine the cross-correlation coefficient CC l of 418 the variable lag l=1, 2, … . CC 0 is equal to 0.93, 0.87 and 0.86 for P, D and I, respectively. The 419 correlation with T is slightly weaker and, as is reasonable, negative (CCT=-0.77). For each variable, 420 CC decreases as l increases, and becomes statistically not significant for l>3. Thus, in terms of the 421 mean hydrological year, the variability of the landslide number is mainly described by precipitation, 422 and progressively less by wet days, precipitation intensity and temperature. 423
Moving from mean monthly values to the yearly time series, these results are confirmed (Table 3) . For the case study of the Calabria region (Italy), the analysis indicates that, despite the favourable 466 trend of climatic parameters, landslide occurrence is not decreasing. This is due to the effect of two 467 combined factors. 468
The first is a slight underestimation of the number of landslide occurrences in the oldest part of the 469 series, due to a lack of concern about environmental problems and of diffusion of information by 470 means of local newspapers. 471
The second factor is a sort of amplification of rainfall effects on slopes, in terms of damage 472 resulting from landslide activation. In the most recent decades, the increasing density of vulnerable 473 elements (urban settlements, road networks and so on) in landslide-prone areas has lowered the 474 damage threshold. In practice, in order to overexploit some specific sectors, man-made 475 modifications of the landscape (i.e., cuts for roads) have changed the equilibrium conditions of 476 slopes. On the other hand, because of the presence of vulnerable elements, each landslide that 477 occurs in these densely populated municipalities is well known and reported by the media, because 478 it almost certainly induces damage. 479
The analysis of the monthly time series highlights the main role of precipitation, wet days and 480 intensity observed within a month before each considered event. 481
The role of temperature seems, as a whole, negligible. This result could be due to the linear type of 482 analysis carried out, which could underestimate the relevance of this parameter in the considered 483 climatic conditions. 484
More efforts will be necessary to take into account the effect of temperature in terms of 485 evapotranspiration and net rainfall, and to move towards a daily approach of time series analysis. In 486 addition, deeper investigation should be pursued to refine the analysis using regionalisation criteria. 487
The assessment of the anthropogenic role on the trend number of landslide is a very complex 488 subject that should be deeply discussed in further researches. 
